Signature Morphology of Accelerating Targets in Squinted SAR Imagery by Garren, David A.
Calhoun: The NPS Institutional Archive
DSpace Repository
Faculty and Researchers Faculty and Researchers' Publications
2017
Signature Morphology of Accelerating Targets
in Squinted SAR Imagery
Garren, David A.
IEEE
Garren, D.A., 2017, May. Signature morphology of accelerating targets in squinted
SAR imagery. In Radar Conference (RadarConf), 2017 IEEE (pp. 0220-0225). IEEE.
http://hdl.handle.net/10945/59131
This publication is a work of the U.S. Government as defined in Title 17, United
States Code, Section 101. Copyright protection is not available for this work in the
United States.
Downloaded from NPS Archive: Calhoun
Signature Morphology of Accelerating Targets in
Squinted SAR Imagery
David A. Garren
Electrical and Computer Engineering Department
Naval Postgraduate School
Monterey, California 93943, USA
Email: dagarren@nps.edu
Abstract—This paper examines the signature morphology
effects of surface targets that execute a transition from a lower
speed to a higher speed during the collection interval for synthetic
aperture radar (SAR) characterized by a non-zero squint angle.
In general, moving target smears exhibit a residual defocus in the
range direction that is less severe than that in the radar cross-
range direction. This study examines the signature smear location,
extent, and shape for surface targets that are transitioning to
higher speed for squinted SAR collections. The SAR simulations
give excellent agreement between the target signatures and the
theoretically predicted contour shapes.
I. INTRODUCTION
Moving targets cause smeared signatures within imagery
for all types of SAR imaging modes. Raney [1] studied the
properties of these moving target signatures. Perry et al. [2]
examined techniques for generating refocused target signatures
based upon the smeared signatures of moving targets. The
majority of the smearing for such moving target signatures
lies in the radar cross-range direction [1], [2], [3], [4], as is
also evident from performing a power series expansion [5], [6],
[7], [8], [9], [10] of the phase error caused by target motion.
Many studies have developed techniques [1], [2], [3],
[4], [11], [12], [13], [10], [14], [15] which attempt to focus
moving targets in SAR imagery. Jao [5] studied the effects
of the curved signature profiles in SAR imagery due to
targets moving with constant velocity. The resulting signature
smears for the special case of constant target velocity and a
broadside collection geometry have the shapes of parabolas
and hyperbolas.
For typical SAR collections, the smearing lies almost
entirely in the radar cross-range direction. However, the mover
signature can exhibit some smearing in the radar down-range
direction as well. Jao [5] has demonstrated that moving target
signatures can exhibit a basic curved bowing shape, which
can be either concave up or concave down. These types of
curved signatures are due to residual target migration effects
that remain after similar effects have been compensated for
stationary scattering centers. These target migration effects are
of interest in understanding the motion of surface targets based
upon their signatures within SAR imagery.
Recent analyses [16], [17], [18] has resulted in the develop-
ment of new capabilities for predicting the signatures induced
by arbitrarily moving surface targets in SAR imagery for cases
of broadside imaging geometry and for collections with a
non-zero squint angle. These studies apply analytic power
series expansions to subaperture phase history data in order
to determine the two-dimensional shape, extent, and offset of
the central signature contours induced by a surface target with
arbitrary motion. These studies yielded closed-form solutions
for the smear parameterization, which is especially useful in
predicting accurate signature properties for a particular target
motion. In addition, recent studies [19], [20] have examined
moving target signatures for cases of arbitrary radar motion,
including that of bistatic collection geometries.
Other studies [21], [22], [23], [24] have examined the
properties of mover signatures for particular cases of true target
motion. These various analyses have shown that complicated
smears can occur within SAR imagery, especially for maneu-
vering targets that are not moving with constant speed and
heading. In these cases, the target signatures exhibit shapes
that are more complicated than that of approximate parabolas
and hyperbolas.
One motivation for these developments is the attempt to
generate unique estimates of the underlying target motion. A
recent investigation [25] reveals that such a unique estimate of
the underlying target motion generally does not exist. However,
the study of the morphology of target signatures can yield
insight into the behavior of the underlying target motion.
The use of broadside imaging geometry is only a special
case of more general collections wherein the radar squint
angle can be non-zero [26], [27], [28]. The theoretical founda-
tions of signature prediction corresponding to moving targets
in squinted spotlight SAR imagery has been developed in
Ref. [22]. This analysis includes the derivation of the 2D im-
pulse response (IPR) function for any small subaperture within
the full SAR collection. In addition, this investigation reveals
that the coherent summation of a large number of such non-
overlapping subaperture IPRs yields an excellent reproduction
of the actual smear resulting from image formation applied to
the radar measurements. This 2D IPR function also yields the
central signature contour equations describing mover signa-
tures within squinted collections. Finally, Ref. [22] examines
the specific effects of the squint angle on the morphology of
the resulting mover smears.
Previous analyses [16], [21], [22], [23] demonstrate the
viability and utility of the predictive equations for only the
special case of broadside geometry. One of these cases [23]
examines the special case wherein a target with constant
heading transitions from a slower speed to a higher one for
a broadside imaging geometry. In the current study, such
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targets that transition from a slower speed to a faster speed are
examined under the more stressing collection conditions of a
strongly squinted geometry. To accomplish this goal, various
free parameters in the analytic predictive equations are varied
and the resulting plots are discussed.
II. GENERAL TARGET SIGNATURES
Define Cartesian coordinates {x, y, z} with the ground ref-
erence point (GRP) {x, y, z} = {0, 0, 0} at the surface location
where the radar mainbeam is aimed during the SAR collection.
The elevation above the terrain determines the coordinate z.
The ground down-range from the platform location is define
to be the coordinate x. The ground cross-range coordinate y
completes a right-handed, ground-plane coordinate system. It
is convenient to express the motion of a physical target in
terms of two arbitrary functions of slow-time t in the x and y
directions, respectively:
x = α(t), y = β(t). (1)
Spotlight SAR data [26], [27], [28] can be obtained for var-
ious collection geometries for which the ground-plane squint
θg is non-zero. Herein, the angle θg is an angle defined from
the broadside direction of the platform towards the direction
of the radar velocity vector. Thus, θg has a positive value
for angles toward the velocity vector, and it is negative for
the opposite direction. This coordinate selection gives the
following parameterization of position as a function of t for a
radar that travels with constant speed, heading, and altitude:
X(t) = V0 t sin(θg)−X0, (2)
Y (t) = ±V0 t cos(θg), (3)
Z(t) = Z0. (4)
Here, V0 is the constant speed of the radar, X0 is the ground
down-range relative to the GRP at t = 0, and Z0 is the altitude
of the radar platform. The upper sign in (3) corresponds to a
radar that points to the rightward direction, and the lower sign
gives one pointing to the left side. In addition, it is convenient




, ι0 ≡ ± tan(θg). (5)
The nth order derivatives of the true target motion
{α(t), β(t)} of (1) are used to compute the {x, y} compo-
nents of the instantaneous target position {µ0(τs), ν0(τs)} and












Here, τs is the mean subaperture time in the original derivation
[22].
Ref. [22] contains a derivation of the generalized signature
equations which can be used to compute the size, shape, and























These equations appear to have resulted from a power series
expansion through only second order in the parameter τs/κ0.
However, Ref. [22] reveals that (7) and (8) are valid through
all orders in this parameter.
Jao [5] applied a similar approach for generating the central
smear contour for a constant velocity targets, yielding a simple
closed form for the signature contour for this particular case.
However, such a simplification is not possible for the more
complicated smear shapes studied herein.
The functions of (7) and (8) can be selected independently.
The only requirement is that the target velocity component
profiles {µ1(τs), ν1(τs)} are consistent with those of the
position {µ0(τs), ν0(τs)}. Thus, this analysis can be applied to
any set of self-consistent target motion profiles. Specifically,
these profiles do not need to be parameterized by some small
number of motion constants. In addition, Ref. [22] has revealed
that the smear width for an idealized point moving target is
the same as the IPR width in the down-range direction of a
stationary point target.
III. IMAGE FORMATION
The radar platform transmits and receives a selected wave-
form at each point along the synthetic aperture. The receiver
generates the in-phase I and quadrature Q channels corre-
sponding to each transmitted waveform. These two channels
are used to form the complex phase history data, with the
magnitude computed via the complex magnitude of the two
channels and the phase obtained from the arctan of the ratio
of Q over I . These phase history data are generated at the
selected sampling frequencies fm′ within the radar waveform
bandwidth, for each of the values of the slow-time t along the
synthetic aperture.
These operations yield the down-converted, frequency-
domain SAR measurement data in terms of the “polar” format:




This equation is defined in terms of the path difference relative
to the ground reference point (GRP) at the scene center, i.e.,
∆Ri(tn′) ≡ Ri(θ(tn′), ϕ(tn′))−R0(θ(tn′), ϕ(tn′)). (10)
The polar-formatted frequency-domain data can be computed
from the collected phase history data by a one-dimensional
(1-D) Fourier transform along the range dimension.
The real and imaginary components of G̃ in (9) determine
the I and Q components of the sub-band sample which is
centered on frequency fm′ corresponding to the waveform
received at the slow-time value tn′ . The constant c is equal
to the speed of light, and j =
√
−1 is equal to the imaginary
constant. The factor of 2 results for the two-way propagation
of the monostatic radar.
Equation (9) has a summation over i, in order to allow
for the case of multiple scattering centers on a given extended
target. The value of Ri(θ(tn′), ϕ(tn′)) equals the distance from
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the radar for the waveform that is received at the slow-time
value tn′ to the ith scattering center, which is characterized by




{X(tn′)− α(tn′)}2 + {Y (tn′)− β(tn′)}2 + {Z(tn′)}2
(11)
Likewise, the quantity R0(θ(tn′), ϕ(tn′)) is equal to the dis-
tance from the radar to the GRP, which is selected to be the
{x, y, z} = {0, 0, 0} coordinate origin for convenience:
R0(θ(tn′), ϕ(tn′)) =
√
{X(tn′)}2 + {Y (tn′)}2 + {Z(tn′)}2.
(12)
The following functions give the ground down-range and
cross-range components, respectively, of the spatial frequency,
i.e.,








These functions facilitate the generation of the SAR image
data in the ground plane of z = 0. Also, a polar-to-rectangle
sampling process [27] is applied to generate the Cartesian-
sampled data, i.e.,
G̃(fm′ , tn′) →
pol
G(ξm, ηn). (15)
Here, G(ξm, ηn) gives the complex-valued frequency-domain
Cartesian data. In this data set, there are M discrete resampled
values of the ground down-range spatial frequency coordi-
nate ξm, and there are N discrete resampled values of the
ground cross-range spatial frequency coordinate ηn. Then, a
2D discrete Fourier transform (DFT) can be applied to yield





The case of a target with increasing speed can be modeled
as a constant-heading target with a hyperbolic tangent speed
profile, i.e., tanh(t). This particular selection corresponds to
a position profile that is proportional to ln(cosh(t)):


















in terms of the definition ψ(t) ≡ {t − t0}/γ0 and the
parameters {α0, β0, v0, w0, γ0, φ0, t0}. Equations (17) and (18)
model a target that undergoes a speed transition, wherein
t0 signifies the central time value of this particular speed
transition. The parameter w0 is equal to one-half of the total
change in speed, wherein a positive value corresponds to an
increase in speed and a negative value gives a decrease. The
parameter γ0 gives the approximate time interval over which
this change in speed occurs.
The current analysis examines the effects of varying the
rate at which the target increases speed, as modeled by the
parameter γ̄0. The target speed profile corresponding to (17)















These equations model a target that is moving at a lower speed
and then travels faster, before finally settling at a higher value.
The detailed analytics of Ref. [16] are applied to yield the
following form for the predicted SAR signature of a target
with increasing speed, expressed in terms of the down-range
and cross-range components. Specifically, the use of (17) and
(18) in (7) and (8) gives:
x(τs) = α0 − τ2s
{






































































Equations (20) and (21) exhibit some smear components
that arise even for zero squint angle, which corresponds to ι0 =
0. In addition, these equations contain terms that arise only
for non-zero squint angle. These various terms can be either
additive or subtractive with regards to the overall concavity
and extent of the smear.
V. SIGNATURE RESULTS
The parametric equations (20) and (21) for the predicted
target signatures are compared with the moving target smears
obtained from a standard SAR image formation process ap-
plied to simulated radar measurement data. For each of the
various examples presented herein, the radar moves with
constant speed on a straight and level flight path, but with
different values of the squint angle. The following notional
platform parameters are applied in (2) – (4): a platform speed
of V0 = 200 m/s, a ground range of X0 = 30 km, and a
radar elevation of Z0 = 1 km. The radar transmits a total
of 5000 waveforms at uniform time intervals for the duration
of the total collection time of T0 = 15 s. The radar center
frequency is selected to be fc = 1.5 GHz, and the bandwidth
is 150 MHz. The mainbeam points off of the left side of the
radar platform. The radar collects complex-valued I and Q
data over 1000 uniformly-spaced samples in frequency for each
particular waveform.
0222U.S. Government work not protected by U.S. copyright
Fig. 1. True target trajectory of a target that is transitioning from a slower
speed to a faster one, with circles at 1-second intervals. The motion parameters
are given by α0 = 0.0m, β0 = 0.0m, v0 = 14m/s, φ0 = 170◦, w0 =
1m/s, t0 = 0 s, and γ0 = 0.5 s in (17)-(18). The target velocity direction is
from far to near range.
Each range bin includes an independent, complex-valued
Gaussian noise sample [27]. This model is consistent with
band-limited noise that results after the radar echoes have been
filtered. In these particular examples, the signal-to-noise ratio
(SNR) is approximately 40 dB for each of the complex-valued
range profile measurements.
The exact true target trajectory of (17) and (18) is used
in generating the range values for the radar echoes. The
images are generated using PFA applied to simulated radar
measurements. Thus, the original I and Q radar echo samples
corresponding lie on a circular annulus within the spatial
frequency coordinates. Then, these data are resampled onto
a uniform rectilinear grid. Finally, a discrete fast Fourier
transform is applied in order to generate the images of the
target smears. The full details of the image formation process
are provided in Ref. [22] and are not repeated here for brevity.
For the first two examples, a hyperbolic tangent speed
target is defined by the following parameters in (17)-(18):
α0 = 0.0 m, β0 = 0.0 m, v0 = 14 m/s, φ0 = 170◦,
w0 = 1 m/s, t0 = 0 s, and γ0 = 0.5 s. The target trajectory
is shown in Figure 1, and the corresponding speed profile is
shown in Figure 2. This set of target motion parameters is
consistent with a constant-heading target is initially moving
with approximately constant speed and then undergoes an
increase in speed, and finally settles to a higher approximately
constant speed with the same heading.
Figure 3 gives the predicted signature contour resulting
from (20) and (21), showing excellent agreement with the un-
derlying smear. These results further buttress the validity of the
signature predictions equations for squinted radar geometries.
Figure 4 considers the target and radar parameters of Figure
3. However, for this particular case, the radar is squinted
aft, i.e., away from the direction of motion, corresponding to
θg=−40◦. Again, the signature prediction equations (20) and
(21) yield excellent agreement with the results based upon
Fig. 2. Speed profile corresponding to the target trajectory of Figure 1.
Fig. 3. Moving target smear for Figures 1 and 2, with an overlay of the
predicted signature contour via (20) and (21) based upon the true target motion,
for a squint angle of θg = 40◦.
simulated radar measurements.
The next set of plots considers a target that also transitions
from a slower speed to a faster speed, but with a significantly
lower rate of speed change. This case is modeled with the
parameter set in (17)-(18): α0 = 0.0 m, β0 = 0.0 m, v0 =
14 m/s, φ0 = 170◦, w0 = 1 m/s, and t0 = 0 s. The only
change is γ0 = 2.5s, which gives a significantly slower rate of
increasing target speed during the SAR collection interval. The
true target trajectory and speed plots are presented in Figures 5
and 6, respectively.
Figure 6 gives the predicted signature contour resulting
from (20) and (21) for this case of a slower target speed
transition and a radar squint angle of θg = 40◦. Again,
there is excellent agreement of theoretical predictions with the
resulting SAR smear. In addition, the lower horizontal portion
of the smear has a greater intensity for the more gentle speed
transition of Figure 6 than for the more rapid transition of
Figure 2.
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Fig. 4. Moving target smear for Figures 1 and 2, with a predicted contour
overlay via (20) and (21), for θg = −40◦.
Fig. 5. True target trajectory of a target that is undergoing a slower transition
from a slower speed to a faster one, with circles at 1-second intervals. The
motion parameters are given by α0 = 0.0m, β0 = 0.0m, v0 = 14m/s,
φ0 = 170◦, w0 = 1m/s, t0 = 0 s, and γ0 = 2.5 s in (17)-(18). The target
velocity direction is from far to near range.
Figure 8 considers the target and radar parameters of Figure
7. However, for this particular case, the radar is squinted
aft, i.e., away from the direction of motion, corresponding to
θg=−40◦. Again, the signature prediction equations (20) and
(21) yield excellent agreement with the results based upon
simulated radar measurements. This smear signature for the
more gentle speed transition of Figure 8 has a gentler curvature
across the top, whereas the more rapid speed increase of
Figure 4 gives a flatter shape across the top of the smear.
VI. CONCLUSION
This paper has investigated the signatures of surface mov-
ing targets that transition from a slower speed to a faster
speed during the SAR collection interval for cases in which
the radar squint angle is significant. The analysis includes a
comparison of the particular speed transition profiles for both
Fig. 6. Speed profile corresponding to the target trajectory of Figure 5.
Fig. 7. Moving target smear for Figures 5 and 6, with an overlay of the
predicted signature contour via (20) and (21) based upon the true target motion,
for a squint angle of θg = 40◦.
Fig. 8. Moving target smear for Figures 5 and 6, with a predicted contour
overlay via (20) and (21), for θg = −40◦.
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fore and aft squint collections. Excellent agreement was found
in comparing the theoretical predictions of the signature smears
with that obtained from image formation applied to the true
target motion. As possibly expected, gentler speed transitions
yield smoother signature smears than that obtained from more
rapid speed transitions. Finally, this analysis provides further
validation of the prediction capability of target signatures
for squinted SAR collections when compared with the true
resulting signatures.
ACKNOWLEDGMENT
The author thanks AFRL for partial support of this work.
DoD Distribution Statement A: Unlimited Distribution. The
views expressed in this document are those of the authors and
do not reflect the official policy or position of the Department
of Defense or the U.S. Government.
REFERENCES
[1] R. K. Raney, “Synthetic aperture imaging radar and moving targets,”
IEEE Transactions on Aerospace and Electronic Systems, vol. 7, no. 3,
pp. pp. 499–505, May 1971.
[2] R. P. Perry, R. C. DiPietro, and R. L. Fante, “SAR imaging of moving
targets,” IEEE Transactions on Aerospace and Electronic Systems,
vol. 35, no. 1, pp. pp. 188–200, Jan 1999.
[3] J. R. Fienup, “Phase error correction by shear averaging,” Signal
Recovery and Synthesis II, Vol. 15 of Optical Society of America
Technical Digest Series, vol. 15, pp. 134–137, 1989.
[4] ——, “Detecting moving targets in SAR imagery by focusing,” IEEE
Transactions on Aerospace and Electronic Systems, vol. 37, no. 3, pp.
794–809, Jul 2001.
[5] J. K. Jao, “Theory of synthetic aperture radar imaging of a moving
target,” IEEE Transactions on Geoscience and Remote Sensing, vol. 39,
no. 9, pp. 1984 –1992, Sep 2001.
[6] R. Linnehan, L. Perlovsky, C. Mutz, and J. Schindler, “Detecting
slow moving targets in SAR images,” Proceedings of SPIE 5410,
Radar Sensor Technology VIII and Passive Millimeter-Wave Imaging
Technology VII, 64 (August 12, 2004), vol. 64, Aug 2004.
[7] D. A. Garren, “Method and system for developing and using an image
reconstruction algorithm for detecting and imaging moving targets,”
Patent US 7 456 780 B1, Nov 25, 2008.
[8] X. Z. Mao and Z.-D. D.-Y. Zhu, “Signatures of moving target in polar
format spotlight SAR image,” Progress in Electromagnetics Research,
vol. 92, pp. 47–64, 2009.
[9] X. Mao, D. Zhu, L. Wang, and Z. Zhu, “Response of polar format
algorithm to moving target with consideration of wavefront curvature,”
2009 IEEE Radar Conference, Pasadena, CA.
[10] V. T. S. Vu, T. K. Pettersson, M. I. Gustavsson, A. Ulander, and
M. H. Lars, “Detection of moving targets by focusing in UWB SAR
- theory and experimental results,” IEEE Transactions on Geoscience
and Remote Sensing, vol. 48, no. 10, p. 3799, 2010.
[11] D. Cristallini, D. Pastina, F. Colone, and P. Lombardo, “Efficient
detection and imaging of moving targets in SAR images based on
chirp scaling,” IEEE Transactions on Geoscience and Reomote Sensing,
vol. 51, no. 4, pp. 2403–2416, Apr 2013.
[12] C. V. Jakowatz Jr., D. E. Wahl, and P. H. Eichel, “Refocus of constant
velocity moving targets in synthetic aperture radar imagery,” Proc.
SPIE: Algorithms for Synthetic Aperture Radar Imagery V, Edmund
G. Zelnio, Editor., vol. 3370, pp. 85–95, Apr 1998.
[13] B. D. Rigling, “Image-quality focusing of rotating SAR targets,” IEEE
Geoscience and Remote Sensing Letters, vol. 5, no. 4, pp. 750–754, Oct
2008.
[14] I. Stojanovic and W. C. Karl, “Imaging of moving targets with multi-
static SAR using an overcomplete dictionary,” IEEE Journal of Selected
Topics in Signal Processing, vol. 4, no. 1, pp. 164–176, Feb 2010.
[15] P. Leducq, L. Ferro-Famil, and E. Pottier, “Matching-pursuit-based anal-
ysis of moving objects in polarimetric SAR images,” IEEE Geoscience
and Remote Sensing Letters, vol. 5, no. 2, pp. 123–127, Apr 2008.
[16] D. A. Garren, “Smear signature morphology of surface targets with
arbitrary motion in spotlight synthetic aperture radar imagery,” IET
Radar, Sonar and Navigation, vol. 8, no. 5, pp. 435–448, Jun 2014.
[17] ——, “Theory of two-dimensional signature morphology for arbitrarily
moving surface targets in squinted spotlight synthetic aperture radar,”
IEEE Transactions on Geoscience and Remote Sensing, Date of Pub-
lication to IEEE Xplore as an Early Access Article: 17 April 2015,
vol. 53, no. 9, pp. 4997–5008, Sep 2015.
[18] ——, “Signature morphology effects of squint angle for arbitrarily
moving surface targets in spotlight synthetic aperture radar,” IEEE
Transactions on Geoscience and Remote Sensing, Date of Publication
to IEEE Xplore as an Early Access Article: 29 June 2015, vol. 53,
no. 11, pp. 6241–6251, Nov 2015.
[19] K. Duman and B. Yacici, “Moving target artifacts in bistatic synthetic
aperture radar images,” IEEE Transactions on Computational Imaging,
vol. 1, no. 1, pp. 30–43, Mar 2015.
[20] ——, “Moving target morphology in SAR images,” 2015 IEEE Interna-
tional Radar Conference, 11-15 May 2015 in Arlington, Virginia, USA,
pp. 1596–1599, May 2015.
[21] D. A. Garren, “Signatures of braking surface targets in spotlight
synthetic aperture radar,” Proceedings of 2014 Sensor Signal Processing
for Defence, held in Edinburgh, UK, on 08-09 September 2014, pp. 51–
55, Sep 2014.
[22] ——, “Signature predictions of surface targets undergoing turning
maneuvers in spotlight synthetic aperture radar imagery,” Proceedings
of SPIE, Vol. 9475, 94750A, Algorithms for Synthetic Aperture Radar
Imagery XXII, 20 - 24 April 2015, in Baltimore, Maryland, USA, pp.
4997–5008, Apr 2015.
[23] ——, “Signatures of surface targets with increasing speed in spotlight
synthetic aperture radar,” 2015 IEEE International Radar Conference,
11-15 May 2015 in Arlington, Virginia, USA, p. 1114 1118, May 2015.
[24] ——, “Signature predictions of surface targets undergoing braking
maneuvers in squinted spotlight synthetic aperture radar imagery,”
Proceedings of SPIE, Vol. 9843, 984303, Algorithms for Synthetic
Aperture Radar Imagery XXIII, 17 - 21 April 2016, in Baltimore,
Maryland, USA, pp. 984 303–1 – 984 303–10, Apr 2016.
[25] ——, “Ambiguities is target motion estimation for general SAR mea-
surements,” IET Radar, Sonar and Navigation - Available online as an
IET E-First article: 28 April 2016, 2016.
[26] W. G. Carrara, R. S. Goodman, and R. M. Majewski, Spotlight Synthetic
Aperture Radar Signal Processing Algorithms. Norwood, MA, USA:
Artech House, 1995.
[27] C. V. Jakowatz Jr., D. E. Wahl, P. H. Eichel, D. C. Ghiglia, and
P. A.Thompson, Spotlight-Mode Synthetic Aperture Radar: A Signal
Processing Approach. Norwell, MA, USA: Kluwer Academic Pub-
lishers, 1996.
[28] S. I. Tsunoda, F. Pace, J. Stence, M. Woodring, W. H. Hensley, A. W.
Doerry, and B. C. Walker, “Lynx: A high-resolution synthetic aperture
radar,” Proc. of SPIE Aerosense 1999, Vol. 3704, held in Orlando, FL,
in April 1999, Apr 1999.
0225U.S. Government work not protected by U.S. copyright
